Abstract-Developing and maintaining team awareness within and across teams working in the same project helps team members in aligning their activities and facilitates implicit coordination. This requires both task and presence awareness. In this paper, we share our findings from a survey in which we measured the level of team awareness in cross-team collaborations with varying degree of separation. To measure the levels of awareness we asked questions like who is who, who knows what, who is on a vacation, who depends on whom and alike. Results from surveying 17 pairs of teams from 15 organizations indicate that level of awareness in cross-team collaborations is generally lower than that within the teams. We also found that task and presence awareness levels are independent and can vary. In addition to distance, we identified a few other factors with potential positive and negative influence on team awareness.
INTRODUCTION
High employee retention costs and a lack of skilled resources at a single location [1] led to an increasing globalization of software companies. As a result, distributed and global software development (GSD) became a usual business, and so did large-scale development with developers and teams working jointly in the same software project across geographical, temporal and socio-cultural boundaries [1, 2] .
Software development activities are usually carried out in a collaborative fashion [3] . Although individual knowledge is essential in a software development team for performing a task efficiently, it is insufficient when it comes to the task of largescale distributed software projects [4, 5] . Due to complex dependencies [6] , such teams often need to coordinate their work for the successful integration of knowledge from multiple functional and technical domains [4] . Coordination in global software development implies that the individuals working on a common project have common views about the product being built, its functionality, expected outcome, project organization, definitions and shared knowledge about team, task and activities [7] . However, software development projects have a complicated nature due to their characteristics of scalability, uncertainty, interdependency and communication [7] . This is why in reality global software projects are often challenged [8] . Various centrifugal forces, such as dispersion, coordination breakdown, loss of "communication richness", loss of "teamness" and cultural differences [9] , aggravate cross-site collaboration.
One emerging area with a potential of positive impact on the practice of global and distributed software development is support of coordination and communication through awareness [3] . Communication generates the commitments that are managed by coordination, which, in turn, arranges the tasks for cooperation [10] . Coordination theory defines the coordination as the "management of dependencies among task activities" [4] . Studies of distributed teams reveal that knowledge about the task activities (both group and individual) and information sharing are essential for the successful coordination [4] . Information about all these factors contributes towards the concept, which is referred to as awareness [11] .
In this paper we use existing research on the various concepts related to team awareness (see Section II) to create a survey that measures the level of intra-team and inter-team awareness (the survey and research approach are described in Section III). We further study 13 different pairs of teams and use the survey instrument to explore the impact of distance on the levels of awareness (see Section IV). Based on the crosscase analysis and links to related literature we then discuss factors that could have influenced the results (see Section V). Finally, we conclude the paper with a summary of our findings (see Section VI).
II. BACKGROUND AND RELATED WORK
There are several team cognition mechanisms, including shared mental model [12] , collective mind [13] , transactive memory [14] and team situation awareness [15] , which are conceptually different but based on some form of the shared knowledge. Regardless of the task domain, awareness is essential to coordinate the group activities.
Awareness and familiarity are similar but conceptually different constructs. They have acute differences that categorize them into separate groups. Familiarity is a permanent knowledge acquired through learning and experience whereas awareness is situational and provides the contextual knowledge about the current task activities, which is discarded soon after the accomplishment of the task [4] . For instance, working on a task of a software project, developer gets experience, which adds to his profile and is permanent, but the deadline of that task during the work is situational. It might be critically important at one stage but after meeting the deadline it gets discarded and has no use. Furthermore, familiarity helps to perform the task competently and efficiently in a GSD setup [16, 17] whereas awareness facilitates it by effectively aligning the task activities with the desired goal [4, 11] .
Team cognition research suggests that when the team members interact with each other to perform their task activities, with the passage of time, they develop a common understanding about the shared work, which is referred as team knowledge. Team members coordinate their work implicitly through team knowledge as they understand the activities of the other team members [4, 18] . This type of coordination is referred to as the synchronization of the activities of the team members [19] .
Developing and supporting the awareness to enhance coordination in distributed software development has been a central point of interest for the last two decades [20, 21] . A generally accepted definition of awareness provided by Dourish and Bellotti is "an understanding of the activities of others, which provides a context for your own activity" [11] . Another, more specific definition about geographically dispersed synchronous collaborative group, provided by Gutwin and Greenberg, is: Gutwin and Greenberg also proposed a model incorporating different elements of workspace awareness [23] , which can be moulded and extended to explore the awareness (see Table I ). Several tools and techniques [21, 22, 24, 25] have been developed to improve the consciousness among team members by providing the awareness about individual and group activities. Computer supported cooperative work (CSCW) applications use different approaches to disseminate actively generated awareness information [11] . Mainly these tools support the group members to achieve the implicit coordination [25, 26] in a multi-team environment, including geographically separated teams.
Literature reveals that CSCW tools, which support the development activities by introducing awareness in GSD environment, can be generally categorized into two groups. Traditional coordination tools provide the basic level of information, e.g. keyboard strokes and mouse clicks, whereas configuration management tools provide information at the individual file or method level [5] . These tools are categorized based on the method they use to provide the awareness information about the activities. Some provide awareness of activities at repository level (BSCW [27] , CVS-Watch [28] , COOP/Orm [29] ) while others provide real time support (JAZZ [30] , NightWatch [31] , Palantir [32] ).
The rationale behind the development of such tools is to create awareness among developers, which helps them to coordinate their work and to identify the potential problems earlier in the phase of development and avoid those during integration [4, 5, 33] . However, recent research empirically demonstrated that teams collaborating across the distance, although affected by the coordination and communication challenges, did not use the available tools and techniques for building awareness as expected [34, 35] . The results indicated that presence of people from different ethnic backgrounds in a collaborative environment produces the need to manage cultural and behavioral issues along with the technical solutions to support awareness [34] . The cross-team coordination challenges are also escalated due to the lack of personal contact and proximity [36, 37] . Existing research shows that increase in the distance between the collaborative teams gradually limits the opportunities of rich collaboration [38] and makes it progressively more difficult for the teams to coordinate their task activities and maintain the presence information about the counterparts [36] . Based on a survey of 775 Microsoft software engineers Begel et al. [37] found that though coordination is difficult, almost all engineers are required to coordinate with others to get their work done. They learned that intra-team and inter-team coordination communication modes varied greatly, due to geographic and personal separation. As a result of a lack of communication, almost fourth of respondents complained that work items they depended on have changed without any notification [37] . While awareness tools have a potential to alleviate these challenges, it is also evident that practices applied locally might not always work globally. This is why a better understanding of the creation of awareness in a multi-team environment is needed.
In this study, we are interested to understand the variation of levels of awareness between the teams collaborating across varying distances. Distance makes the coordination more difficult for large-scale software development teams [38] . Research shows that increase in the distance between the collaborative teams, gradually limits the opportunities of rich collaboration [39] and consequently makes it progressively more difficult for the teams to coordinate their task activities and maintain the presence information about the counterparts [38] . We therefore would expect that levels of awareness would vary from the high to the low with an increase in separation. Nonetheless, distributed teams might be better equipped with specific collaboration tools, and therefore the answer to the question of the variance in levels of awareness might not be as straightforward.
III. RESEARCH METHODOLOGY
Based on the analysis of related work we identified the following research questions:
RQ1. What is the level of team awareness (i.e. task awareness and presence awareness) in collocated versus distributed teams of varying distance? RQ2. Which factors affect the team awareness negatively?
To address the research questions, we performed an empirical survey and interviews with practitioners from 15 software companies, and built our conclusion based on a mixture of qualitative and qualitative data analysis [23] . More details are described in the following sub-sections.
A. Conceptualising the Study Setup
While some studies suggest that coordinating work activities in collocated environment is easy [38] , others argue that collaboration declines if the collaborators are more than 30 meters away or they have to climb up the stairs to see the counterparts [39] . Therefore, we started by separating the types of collaboration under study into four different levels, including the separation within the same building for our study:
• Group-1 Same building, same floor, distance less than 30 meters; • Group-2 Same building, different floor or the same floor, but distance more than 30 meters; • Group-3 Different locations, but the same time zone;
• Group-4 Different locations in different time zones.
Next we defined the method of inquiry. Since the focus of investigation was cross-team collaboration, we considered pairs of teams as targeted participants for the survey. A three steps approach (see Fig. 1 ) was used to perform the survey:
1. In the first step, researchers asked the questions about the interviewee (T1-M1 is the member of Team-1) and inquired about his/her current task and availability. We consider this information as the baseline information about the team member, which is used to measure the awareness in the comparison analysis.
2. Then, we inquired about his/her team members within the same location (T1-M2 and T1-M3 are the members of Team 1) and measure the level of awareness within the team.
3. Finally, we asked questions about all the members of the remote team working on the same project (T2-M1, T2-M2 and T2-M3 are the members of Team 2). This gave us the insight into cross-team awareness.
The process was repeated for each member of both teams. 
B. Questionnaire Building
Based on the conceptual setup, the questionnaire was built to assist with the measurement of the levels of awareness. In order to satisfy our requirement, we used the elements of workspace awareness (11 out of 16) proposed by Gutwin and Greenberg [22] (See Table I ). We did not use two elements (artifact and artifact history) due to the privacy concern of the participating companies. We also did not use the gaze, view and reach elements as they were not relevant to our study. Further, we not only used the present and past elements to define the factors but also defined the future form to explore how much participating teams know about the future events and intentions of each other. Moreover, we defined several factors against each element of the workspace. For example, against the element location we defined the factors such as team's and team members' location in office, seating topology and location of supporting documents. The data was inquired to gain an in-depth knowledge about the situation under study.
As suggested by Gutwin and Greenberg, the elements were used to explore the awareness in different scenarios of virtual collaboration [22] . The elements were extended and moulded using related literature on geographically distributed software development, which was surveyed using snowballing search [36] . After that, narrative interviews were conducted with six software developers who volunteered to share their experiences, that we used to validate the awareness factors that emerged from related literature analysis. During the interviews we asked the volunteers to explain their routinessuch as task activities, task and team coordination needs, cross-team interaction processes, problems faced, methods and techniques used to carry out the tasks, acquiring information about other team members (locally as well as globally) and supporting tools used. We analyzed the qualitative data gathered from the volunteers by using thematic coding [40] . The findings confirmed the relevance of the factors identified from the literature. Surprisingly, no new information was retrieved. The list of the factors with their implication on within-team or cross-team collaboration, and awareness information they support is given in Table II. By using all those factors, we constructed our survey questionnaire by using the Kitchenham guidelines [41] . This includes survey design (cross-sectional), sample selection, question construction, questionnaire evaluation, data analysis etc. After formulating the survey questions we discussed and refined those for the clarity. Then we asked two volunteers to fill the survey form and give feedback on the clarity and understandability of the questions. We iterated the survey questionnaire for refinement several times. Quantitative data gathered through this pilot pointed out a few shortcomings of semantic data analysis, which were updated before the actual survey study.
C. Selection of Participants
As, we were not limited to the specific region any software company working in GSD was a potential candidate for our research. Upon an Internet search, 22 software companies working in GSD were identified, by using stratified random sampling method. We contacted those companies by email, but received no response. Consequent personal visits or phone calls resulted in declines. The reasons varied. Some companies refused, since they believed their experience is not relevant for the study. Others mentioned the lack of time to participate and/or confidentiality concerns.
Finally, convenience sampling was used to employ the participants. Confirmation of interest was received from 34 teams (17 pairs of teams) in 15 software companies. All companies were involved in distributed development of largescale software systems.
D. Data Collection
Once the questionnaire was ready and companies were selected survey responses were collected from large-scale software development teams working in different domains of software development via individual, structured face-to-face interviews and a web-based survey. Major contribution (52% of responses) came from the telecommunication sector and approximate duration of each face-to-face inquiry session was 45 minutes. The study was conducted in seven countries worldwide. This helped to explore the level of team awareness between teams ranging from co-located to the ones separated by large geographical distance and multiple time zones.
However, dispersion of the teams in seven countries made it impossible to conduct face-to-face interviews with all participating teams. Thus for the teams which were not available for face-to-face meetings, we sent a web-based link to fill the online survey form. Moreover, we provided them with the technical assistance via phone, Skype and emails to avoid any misinterpretation or confusion while filling the survey. Clarification of the questions raised during the process was also performed by the researchers. Since many awareness elements are time dependent, a five-days time limit was set for those filling the online survey to avoid any inconsistency in the context. Finally, in order to ensure the accuracy of the context, we contacted the participants after the completion of each survey form and further discussed the situation with reference to the context of the other participants of that team. A large amount of written notes was taken during this process.
All interviews that we conducted were audio recorded, except one in which we forgot to turn on the audio recorder, and web based survey responses were stored in the survey application.
In total, data collected accounted 133 responses from 34 teams (17 pairs of teams) representing 15 software companies.
E. Data Analysis
Survey data was stored electronically in spreadsheets. After normalization, we selected 107 responses from 26 teams (13 pairs of teams) representing 12 software companies (see Table III ). We rejected data collected from eight teams that did not meet one or several of the following criteria for the study:
• Wrong or incompletely filled survey form, • Participation within the team less than 50%, • Late online responses (after the five-days deadline), • Lack of response from the collaborating team in a pair. At this stage, the correct and consistent data was converted to a presentable form to be analyzed -both statistically and semantically -to find out the level of team awareness for all pairs of teams. As described in the study setup, we used the individual's data acquired through the first step of the survey as the benchmark for semantic analysis. For instance, personal data provided by each participant about his/her task, presence, vacation plans etc. was considered as the baseline information about that particular team member. Comparison of the personal information with how other team members (within the team and across the team) responded regarding his/her task, presence and vacation plans, helped us to judge whether the other team members are aware of these events.
We assigned the weights and calculated the percentages to measure the level of awareness for each individual. Weight is assigned to keep the balance between the newly hired experienced people and those already working but having less experience. Then, we aggregated it to the team level in order to get the level of team awareness for the whole team.
Finally, we converted the results into logarithmic form to make them more presentable.
IV. RESULTS
In response to our research questions we first present the results regarding the levels of awareness within the team, and then results pertaining to the levels of awareness in cross-team collaborations of varying distances.
A. Awareness within the team
Based on the general perceptions prevalent in software engineering research, we expected to see a very high level of awareness within the team, in other words, in all co-located teams participating in the survey. Our results show that on average, awareness level was measured only as high (see Table IV ). Furthermore, average value of presence awareness was medium, which is much lower than initial expectations. Interestingly, when dividing the analysis into groups (can be seen further in Table VI ) we find that only teams under Group-2 on average meet the expected level of team awareness, which is very high.
In order to understand why teams under Group-2 achieve the very high level of team awareness, while teams under Group-1, Group-3 and Group-4 fail, we performed a stratified evaluation of the demographic attributes and found that previous history and experience of working together, team size, team type and the level of interaction among the team members might have influenced the results.
B. Cross-Team Awareness
A general perception is that the distance and awareness are inversely related to each other. It means that the greater the distance between the collaborative teams, the lower the level of awareness can be expected. Focus/nimbus model [20, 21] dealing with the large spaces to disseminate awareness information in virtual collaborative environments also suggests the same. This implies that, as we will move from Group-1 to Group-4, the expected level of awareness across collaborating teams will gradually decrease (See Table V ).
Similar to the pattern of awareness within the team, the level of awareness for cross-site teams is higher for Group-2 (determined as medium) as compared to Group-1, Group-3 and Group-4, which scored low. We also found that none of the groups meets the expected level of team awareness for cross-site collaboration. Teams under Group-1 and Group-4 were the expected extremes (i.e. very high and very low respectively). However, our results indicate that teams under Group-1 and Group-4 have the same low level of awareness.
To understand which factors elevated the level of team awareness for Group-2 (medium) and why the growing distance did not determine the decreasing level of awareness, we looked into the demographic attributes and performed another level of analysis by strata. We found that previous history and experience of working together, team size, team type and the level of interaction among team members might have played a more significant role than the geographic separation. These factors are further discussed in the following sub-section. 
C. Factors affecting team awareness
In order to find the explanations for our results, we analyzed the awareness factors from Table II for a possible positive or negative association with the level of team awareness. Moreover, the demographic information of the teams was also considered to know the circumstances in more detail. We consulted the data and through stratified analysis of the demographic data we identified factors that might have influenced the level of team awareness in our study (see Table  VI ). We discuss them in detail in the following sub-sections for both within the team and across the team.
1) Experience:
We found that the lack of experience of the team members affected the level of task awareness, presence awareness and also the factors of team awareness, which eventually lowered the overall team awareness of Group-1 for both within and across the teams. We analyzed the different facets of individual experience and concluded that team awareness for pairs under Group Our findings were further supported when we studied the reasons of comparatively better level of team awareness in Group-2 for both within and across the teams. Further, a better level of team awareness for cross-site teams in Group-4 also suggests that experience may have positively affected the level of team awareness. It shows that the effect of experience is stronger even for the teams, which are distributed across the geographical, temporal and socio-cultural boundaries.
We also observed that developers with higher experience of working together in the same team and in the relevant domain are more likely to support and maintain the task awareness and presence awareness, which consequently increases the level of team awareness. This finding also extends prior research on team cognition, which suggests that team members with similar task experience by working on similar projects have more organized shared knowledge [18] , and compliments research advocating the recency of projects as a factor affecting awareness [42] .
In order to consolidate our confidence on the results even further, we considered the team members with less experience as outliers and removed them from analysis but still we found no considerable change in our results. We argue that this is because, the lack of experience of the team members is not the only factor, which decreases the level of team awareness. Demographic data analysis revealed that other factors such as team size, team type and level of cross-site interaction might have also contributed to the level of team awareness, as described in continuation.
2) Team size:
Another important factor that potentially impacted the team awareness negatively was the team size. We found that teams under Group-1 are larger in size (for both onsite and offsite teams) as compared to the other groups (see Table VI ). The teams under Group-1 were almost double in size than the teams in the other groups. Our observations also support the existing research, which advocates that the increase in the size of team exponentially increases the dependent links within the team and brings substantial project management and coordination overhead [16] . Consequently, it results in a decrease in the level of team awareness by negatively influencing the effective comprehension of the task and presence awareness.
The main reason for a comparatively better team awareness under Group-3 (for both within and across the teams) was the smaller size of the teams in that group, which, we assume, made it possible to maintain the necessary level of awareness in coordination of their task activities across different locations. Other than Group-3, we also found that the teams with smaller size possessed higher level of team awareness as compared to the larger teams (see Table VI ).
3) Team type:
Team type emerged as another candidate impediment in achieving the high level of team awareness. Research shows that the agile teams spend the major part of their working hours in discussions and learning about each other's work activities and resolving problems [43] . It supports development of a common vision about the project and alignment of team member activities. These processes have an obviously positive influence on task and presence awareness.
Analysis of the demographic data shows that teams under Group-1 expected to demonstrate very high level of team awareness both within and across the teams (as they are situated in the same building). Our findings revealed that Group-1 did not meet the required level of team awareness and this effect was stronger for cross-site teams. We found that three out of four pairs of teams under Group-1 did not follow agile methods. Thus we believe that this might have been the reason for low level of task and presence awareness.
As discussed earlier, Group-3 (for both onsite and offsite teams) was composed of small teams working from the same time zone but dispersed locations. Both factors (small size and temporal proximity) might mean that team members in this group were well aware of each other. Although the teams in that group were not declared agile, when we contacted project managers they informed us of similar practices of informal discussion each morning followed in these projects. As a result, we observe a comparatively better level of team awareness in Group-3 teams despite their physical distribution across different geographical locations.
4) Interaction:
Another potential reason for the low level of team awareness we relate with the lack of cross-site interaction. We derived that the teams, which maintained a high level of cross-site communication, demonstrated a higher level of team awareness. This finding also complements the prior research emphasizing the importance of interaction between the dispersed teams [7] .
We also found that teams with more frequent communication were usually either agile or smaller in size. Furthermore, we also found that the members of such teams were comparatively more experienced. So consistent with prior research, our findings also propose that small and agile teams [43, 44] and teams composed of experienced members [18] are more likely to have a higher level of team awareness. Our study presents the level of team awareness between the teams of varying distance. Related literature suggests that GSD teams face a wide variety of coordination problems as the temporal, socio-cultural and geographic distance increases between them [1, 9, 39] . Such distances also cause the lack of awareness between the teams as people at distant sites share less context and common grounds [10] . Moreover, as the distance grows it augment the problems faced by software development teams by decreasing the awareness even further [20, 21] .
It motivated us to divide the distance into slabs of varying sizes and study how it interacts with the awareness on each slab. In order to validate this phenomenon, we tested it on a spectrum of distance (ranging from collocated teams to the teams which are distributed across different time zones and geographical boundaries) to find the gradual decrease with increase in distance. Our expectations were that within the team, awareness remains similar for all the teams at all the places and it decreases in cross-site collaborations. We developed these expectations because teams at a single location do not have the geographical and temporal distances. Further, even if such teams are multi-cultural and people have different backgrounds, they face very few problems because they sit in the same place and they can easily sort the things out in a face-to-face meeting.
Against the expectations our findings revealed slightly different results (see Table IV and V). We found that the team awareness was not gradually decreasing with the increase of distance and also within the team the level of awareness was not as high as expected, and varied for some of the teams. However, we did find that cross-team awareness was generally lower than awareness within the teams. We further associated these results with other factors that have influenced awareness beside the distance. These are: prior experience of working together, team size, team type and frequency of interaction.
Although we were eager to see positive results from testing our initial hypotheses, we believe our results have useful implications for practice. In fact, the identified factors can be used to improve distributed development by implementing structures and employing practices that can positively affect team awareness even and especially when teams are separated.
Our results also demonstrate that the levels of task and presence awareness in the same group of separation varied. In particular, pairs of teams in the same group (level of distribution) could have presence awareness relatively higher than task awareness. Interestingly, task awareness in all groups scored low, while presence awareness varied. Following our expectations maintaining presence awareness between temporary separated teams appeared to be challenging, as the presence awareness level in that group scored very low. However, presence awareness for neighbouring teams scored low, which we associated with the large size of teams. For teams separated by more than 30 meters within the same building until separation within the same time zone was medium, which is higher for that of task awareness in the same groups. This might mean that presence awareness information is more important for the team members in order to coordinate the task related knowledge through ad hoc inquiries, whenever the necessity arises. Varying awareness needs have also been observed by de Souza and Redmiles [42] , who found that the awareness networks of a software developers are fluid and change during the course of a project. Hence, in the future we suggest to use awareness measurement in combination with the awareness needs, since although high awareness levels alleviate coordination, the opposite does not necessarily have a devastating effect.
A. Study Limitations
Our study has several limitations. First of all, varying number of responses for each group might have influenced the results. However, we believe that convergence of the emerging levels from pairs of teams in the same groups increase the reliability of the results.
Secondly, a more detailed survey could have potentially helped to obtain more subtle details, however it might have also influenced the reliability of responses, since longer questionnaires would bore the respondents. For future work we suggest to look at awareness factors (see Table III) independently with a possibility to extend the questionnaire.
Finally, we believe that our findings are generalizable only for distributed software development teams working on a shared project. While local awareness might be influenced by the variety of factors, as observed in our case, our conclusions regarding the challenges with awareness in cross-site collaborations versus co-located development should be also relevant for others.
VI. CONCLUSIONS
In this study, we have explored the level of team awareness between the teams on a varying distance. Several studies have discussed the effect of the distance on coordination and awareness in software development teams [4, 45] but the cross-site awareness still seems immature. Our result extend existing research by focusing on task awareness and presence awareness separately for teams separated by varying distance.
Our results are based on the findings from surveying 26 teams (13 pairs of teams) in 12 companies worldwide. We considered the pairs of teams working jointly on a shared project and collaborating to perform their task and team activities. Although the common perception and our initial expectation was that distance is the main hindrance between the teams which reduces the team awareness. Our findings showed that 1) task awareness levels differed from presence awareness levels, and 2) frequent interaction within and across the teams, small team size, prior working experience and agile practices fostering interaction all positively influenced the level of awareness.
Although, collocated development is often associated with high levels of awareness while distance is looked at as the enemy, factors identified in our study may help alleviating coordination in distributed teams through task and presence awareness and shall be thus studied in more detail in the future.
